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(57) Abstract: An adaptive radio receiver utilizes control functions derived from received signals in an interference-limited, environ- 
ment to decide whether to implement conventional single-user demodulation or joint demodulation. The decision to implement joint 
or conventional demodulation is based upon the values of estimates derived for Doppler spread, carrier-to-interference plus noise, 
dispersiveness and the likelihood of the presence of a dominant interferer. 
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APPARATUS FOR AND METHOD OF ADAPTING A 
( i' i RADIO RECEIVER USING CONTROL FUNCTIONS 



, 5 . •■ : BACKGROUND OF,THE INVENTION - , : r 

, , ^ , . Represent invention relates to using control functions to adapt a radio^receiver to 

selectively perform, either conventional or joint demodulation. . [ r 

T^e cellular, telephone industry has made phenomenal strides ? in commercial 
operations in the United States as well as the rest of the world. Growth in maior 
10 metropolitan areas has far exceeded expectations. Solutions are required to meet these 
increasing capacity needs and to maintain high quality service. 

~ As additionar u^ systems, the/system 

characteristics change from a noise-limiteld to an interference-limited environment. 
Interference problems caif arise wfien signals transmitted between locations suffer from 
15 echo distortion or multipath time dispersion '^cui^ 0 ^i&i^^ by signal reflections 
from large buildings or nearby mountain ranges.- r "Muitipath'' di^^ii Wiirs when a 
signal proceeds to the receiver along not one, but many paths, so that at the receiver many 
echoes having diiferent &d randoto delays and^ainplitudes occur. For example, 

,:)cWhCT*.multi^patir:time dispersion is, present ih>a TDMA ^teini the receiver receives a 
2 P opposite t sign4 i: pompris of ?,ther transmitted symbol that have 

propagated along different paths : haying differerrf/relative time delays. At the receiver, 
such multiple versions of the .tr^smittecl signal canxause ;self-interferenoe;i T 
_ r . , .addition . to being, performance v limited ^by ^ seLP-interference, receiver 
performance also may be limited by co-channel signal interference. Work has bjeen done 

v $ } J$$f W&jfig -^S^^fr?*^ of joint demodulation. 

. .. .Note, for example, the discuss^ demodulation that are found 

In US Patents' Nos. 5,506>61, 5,790,549 "and 5,790,606, assigned to. the assignpe of the 
present invention and the teachings of which are incorporated herein by_reference. 
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30 ' ~ StJl^ARYbF THE iNVENTION ;< 

Hie present invention relates to a radio receiver comprising a Doppler spread 
estimator for generating an estimaiedt)6ppler i spread value of the carrier, a first estimator 
; generates an estimated carri»4o^binina^^^ ratid' value, and a second " 

,r \; estimator geherates'ian estimated dommant rnterferer pius noise-tb-noke r fati6 value. In 
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addition, a control unit ; selectiye^\^ receiver, in accordance with the 

estimated values, to selectively implement either single-user demodulation of the carrier 
or joint demodulation of the carrier and dominant interferer. 

The invention 1 aiso' contemplates ' V a radio receiver,' which 

5 - * reofcives r a signal that incWdeS* a desmiii earner, £"co-chaniiei dbminant interferer and 
noise. The method comprises generating an estuiiated Doppler spread value of the 
jr carii^r; (l^Veld^ing ^'estin&tecf caniCT-to-dominant m^ ratio value, and 



mo 



providing an estimated dominant interferer plus noise-to-noise ratio value. In addition, 

the method controls the radio receiver, in accordance with the estimated, values, to 

. -;ri!^:.p . ,:Txti : r •: £•*■ - l~v- s i 'nr. .*r*'j TNUc^v n 

10 selectively implement either single-user demodulation of the carrier or joint demodulation 

of the carrier and dominant interferer. , . 

Tlje foregoing and other advantages and features pf the inyjention T wiU become 

apparent upon a comideiatioij of the ^Uowiiig description, when taken in conjunction ... 

.?Ici -. ioI . u:x- ^i-lc?^^ OF THEDRAWIMGS ^ 

b gsv^t i^lfc/l^ %r b i<^ di^gran^ o£ a ( Qontrol portion: of a 'radio reiver, fea: selectively 

t .,iS corjtoollffig i-lh&dsceiy^^ with the 

.values of .control functions derived i^efiVed^ighals; ^ 3 - Jfi ' 
20 FigP24s a^teckdia^aM'oT te^&tt^^^f 'F^; ^™- Y *V ' m 

Fig? 3 Ss : *foock*ffiiigirf that may be used 

aaooby^g-reefeiver;- " A: ^ '* :L V. d ^- ;rni; ^ Gjb 

.aoi^lutor-^giQt a &6ek r abcordfeig to^emwntip^ *~ 

I nu-v yu: ^^r^^t ^^t zar^oiq ^£ivf; e . 5o aroicjiJ^iu sift .siqrr^xviix . , 

Figs. 3 and 6 are flow charts showing, contemplated modes of operation of the 

25 raoio^receiver; and ^ 

Fig. 7 is a generalized illustration of a mobile communications system including a 

base station and a mobile terminal in accordance with the invention. 



DETAILED DESCRIPTION: ™. 



39 ^ . Cp-channel mtetferpncp Js r 3 ^^pr impa^ent tQ perfonnaqqe of radip receivers, 
si^cli a^ pipjpile c^^unicatioi^ system , radio 5©ceiv^§.;;Elt: J^rbeen; found that joint 
demodulation can improve the performance of a receiver in interference-limited 
environments, but at the expense of computational complexity. The complexity increases 
with the number of users and the number of desired signal and interferer signal channel 
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-■!?. • .. ^ ps "v^r" 1 t ? 1 ®; d W? du1 ^ 0 ^ 0 ?' equalizer. The present invention contemplates selective 
•<_•■ - ..V s6 ° f ^Y^P^l orjoint.demodidatipn in an adaptive radio receiver in interference- 
limited environments. To limit computational, complexity,' it is assumed that only one 
dpinin^t.interfi3wr is present. and ; degrading receiver performance. The presence 
! , :w- d ^? iant 'W^TS. a £: a - re . ce j ver * s v«y likely when me . receiver experiences bad 
:.«>h .-i:f i ^-.s. q ^l?*: L 5/»: ;£- 1qw carrier : to-interference ratio Ctf. Thus, * the -invention 
. ?s , contemplates, identifying, under the jCondition r of bad signal quality at a receiver and for 
, P U FP?^^ ^erecwyeci to employ joint demodulation, whether '-it dominant 
. .interferer exists. , . . -r ■■• : • 

.s 10 5 .'. ; Altl ?P u S n JP m t< demodulation- imprpvesf.receiyer performance when a dominant 
.inter^erer exists,. tb.ere can be situations :where- there is no or very low interference, in 
which using , a, joint, demodulator might degrade receiver performance;vwhile increasing 
• i.. ^computational complexity unnecessarily. Li addition, even. if. channel quality is low, 
where conventional, demodulation, or ; equalization ; does not : perform well, joint 
.15 demodulation might not perform well either,- such as in. lhe -situatton where' a low CM is 
■ ; : . being caused b y presence of more tha^ one interferer at me receivers Therefore, it is 
contemplated that the receiver use joint demodulation only when there is a single strong 
. corchannel interference present in r the received sigflal,land<that the receiver otherwise use 
conventional demodulation. .-v.-- ,, ,.-{ • b;>r; :' ; .-< :.' ' ■ : V; ' t 
, -j? I* e inv ^5!? n mto account that joint demodulation's sensitive to dispersion 

to r^:" 1 de ?M^:' cn ®PP? 1 l .£ e ?R? n 5?» . b .ut is.not highly„sensitive to dispersion^ in interferer 
-J :i$^?\b T $?P? Il $$br .?Wh en ^annels^arje. dispereive^xhannell acquisition i'ahd" channel 
V :•_ ^^^P^?)^^ when-me.channel is iflat^ If^it is known 

adi (ff ia ^LVk a fi n ®. 1 4?ir^ *f*iv«; perfprmance j^t>er.nnpi©yed n^fcnanghig The- channel 
M>:*> ^ u ^ on tffi£r: ^imatipn i7 .par^eterss accordingfy, v W hile '-reducing me ; --required 
^^P^^jf^PP^Sf-- considerably. :i Tteanyeritkm: therefor* Contemplates use of a 
- l; 000 ^ 01 .Unction that, identifies the-.dispersiyeness; of thb channel as a- factor for 

L, .^ n ^ der l^ improve receiver 

' .-:. f ,. performance.-^; c -^ :i ^\Mt.:.\ -Hr ' '>:'..'- s v- 

* p .?.u ; v - 1- •-• I ? iir i' 1 ?W-speed. mobik receivers, .-such- as manobile-tenjainals; joirit'defnodulation 
?™Proves. the receiver performance, considerably,-, in Hie presence.of & aomihantihterferer, 

;t P 0 ™**?* 1 to .conventional demodulation,' For, moderate^speed-mobile receivers, the gains 
in receiver j>erfgnnance. afforded : by jpm^demodulatioh may be limited. : For high-speed 
mobile receivers, joint demodulation may not perform as well as conventional ' 

3 
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demodulation ifonrsome C/7 leveis^ As a insult, the invefitibti- further cbiitemplates 
identifying the Doppier spread Value 6f 'th^Mesir&I signal akd iiiiilg joint demodulation 
seleQtivelyvdep^dingon the©^ ' ** n / :r v " Ti - 

r /Bie ULV^tion m^es us^ 
5 that, has the ability: of ^dembdiiiatihg cb-ch'aSnei ^i^^' jblfitly; #iSi L suclfi coritrol 
:. 7 fuoetions; and the. values of fter-contrdl fufi&itfifcr, the bdkptlVe re&lvef^ seieSs !he right 
. ti ; d^fftodulator x>ti parameters fo^ •? the* 1 1 isi|jhal " conditions- ftefc ;t '£ky^^ result, 
: . s pecf^mance of the receiver is improve® while^n^utaiioti^ 

The contemplated control functions (speed estimation, noise ^i^htiM&sJ dominant 
10; interference estimation; dispietfsive ? -&r nBh^di^erSive ilfSnnel Meht&(£&on 9 etc.) are used 
<by A the receive* : in the process of making thfe^ decisions ^vhetftef to^We jofiit demodulation 
tai.j^Sffi Qpaventionalj demodulations l^^rdecisibns aitrmade oir'a aibt-by-ifot' basis. The 
„Jvoi a<^ntrol» functionsrattempt toi-tuffe ok joiitf demodulation by the l&Ceiver to favorable 
■hiioj. ^conditions, fallings back to -conventional demodulation or e4ualization in fast fading or 
... v j ^i?per?iMe signal conditions.; Because* ^ cdnVentiorial demodulation^ less complex, 
.;J9lrttip^ss-T-demoduJation :'or other eM^^^metots" can be used for improving receiver 

^ . iio Bigi t-shriws ablock dtegrsto 4T-part of an adaptive ratiitf receiver System 10 in 

which joint demodulation is integrated with conventional siingkPuser demodhlatioh in the 
r 2fy ^ recdyerr^ suc* tiiatjbii^ receiver K>r 

13 . K - , psopesjsmg *ec£ived ^rgriais-u^^ of 
I- - .si t «09t5plrfu»ctio»s. En the described irtjplejn^nt&i©^ 

r r>; : a ?A9 X ^preferable ito conventional i^uaJizkt^ &hfere: (1 ) 

,i5rf9^i^^e^Aimited ..signahmterfena^ (Zy^gh tfi&ite spl^'e^^) the 

i 25 :! ^esfeed sign^-is heavily 'dfapfersive^ and/® ^'^mti^^^cimma&t ^teif^6fs ; exfet. 

~oS<® v ^ ti ^3l 4e^^ qfiaiititi& for £ an : &tei?€^^l^er : that is 

(I , Pptthgr^ .Alsp, Jhe c^^ a 
dispersive signal, with the consequence that channel estimation becomerihe"' limiting 
?§;:r ipojreiflpantkies, have to be estimated due ^ addifion an interfering use£ 

^hic^.is -^peeially-^e. fi?r rk>me fixed lev6f of ^mjiut&Honal xomplejdfy. ' 1 Fcft such 
r th§ ; ipp^m^tatfon^of^ie descnT>ed^emb6dimeht of the invention is' such as to 

. 4 



BNSDOCID: <WO 0223742A2_I_> 



Wq 02/2^742 PCT/US01/28051 



' r. , .TPg P res€ !ut inventionis described herein in the context of a mobile terminal 200 
of a mobile conmuincations system 2Q2, see Fig. 7. : The rebeiver system 10 may also be 
u : : : -implemented^ jn a base station .receiver ;204 of a base stati&n 206 of the mobile 
i f * J coi^uni0atidns' system 202, as ^will vbe apparent. ( As iised -hereiii, f the term "mobile 
$i: ^tteiminal^: may include a mobUe coiiimunicatib'm 

; ':iy>fine- ^display; a- Personal Communicatiohs System j (PCS) terminal that n£y combine a 
^mbbae^^ procfessiiig, facsimile and data 

ebmmumcMon^ a radiotelephone, pager, 

Mtemb^iiiteanet access^ Web browser, organizer; Calendar and/or a global positioning 
10 systeni (GPS) receiver; and "a conventional laptop and/or palmtop receiver or other 
appliance that includes a radiotelephone transceiver. „ Mobile terminals may also be 
referred to as "pervasive computing" devices. 

The part of the receiver system 10 shown in Fig. 1 includes a, receiver front end 
comprising an antenna 12, a multiplier block^l4. v .and a filtqr blpck.16 where the received 
15 signal is downconyerted, frequency poi^tedfa^^ estjbm4jted &equency offset 

. of ^ desired signal, and filtered. t Although a jingle antenna 12 is ilktgtrated, the receiver 
re ^^P 4 J9 9°^A .HSP P 10 *? than o;ne antenna.:^ sync block 18 tinputs tiheibaseband signal 
> ; ^5 (ffltCT; 16,;aii4 selects ^one of the^sampling phases dependi&g on the sync point 

;9hp s ^ frp 1 ^ copelating to the; desired signals i^c sequence^ ^fiveritional demodulation 
3G T , -uses a : twO-t^ sync algorithm ^ designed for dfspo^e channels. 

Ts-q~ When jointvd^odulation ^ flat fading 

channels) is^^of^^pfted-^Mc^ offly tme deOT^ Wpai t£fi is assumed for joint 
demodulation. After acquisition, the synchronization point for the chosen 'demodulation 
methbd' is i^edl"'^ ffa&&*pkri&^ sync iilbck'oi^uls'^e received^ signal 

25 samples (r n } at samplmg tune (nT) , where w is the sample number and 7 1 is the sample 

sjfl .;■!.-.. i-.y^-L :;k ^ : t^:--^^-^ rm -r:*.v r: r:n^A : ^: 
. ..period. " . r ... . r . . . , : 

An acquisition block 20 performs the _^ctiw, 9f training the i channel for the 

desired signal, starting with generating initial channel estimates computed from 

correlations at the selected sync point. Additionally, for joint demodulatipn, the interferer 

30 3 clihnnei and delay tuning is acquired in the acquisition block 20. Different delay timing? 

1 are ^ hy^othesiz^l, and training 'is ]^formed jointly ibr ^th the desired signal and the 

inteiferer sigjiad. fhis may Be done as described in an application entitied "Method and 

Apparatus for Co-channel Interference", serial no. 09/143,821, filed August 31, 1998. A 
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control block 22 : uses metric valors' for "both com*eBtional kncf joint demodulation to 
determine- wfeich deanodfilation-, approach should b^«s^ for-dala-detection. ji d ' 

0 : A de?ftodulate felock*24 uses eitherxonventionahof 'joint detection to demodulate 
theugknow.cbte*.^ bite^&id 1 -soft bit 

5 v ^allies for coded, bit datai dempdulationf px^CQ$s alsp outputs channel^stimates tt&t 
f . . ■■ v^^^^ff -S 1 ? control function performed by the cpntrol^lo^c.^ |ot4s*iiuate^Doppler 
, S P??4 ^ frequency estimates that are ^s^by a ;SppoQtfa : :^9pkJ2g;te^n^jti%Q:sign^ 
- lo ^i" * due to fre< l^ n ( c y snor in the, repei^ed jsignal^; to -addition, ; fes w .^^ut %>m the 
demodulate block 24, which can be generated by either fee, ponyentional f or joint 

10 demodulation process, is input to a decode block 28. The output of the decode .block 28 

jo :^ **: Ktiiz yj uii*.* :>.j t ' .o,\o ' \ >c;*; :t. v • 

provides cyclic redundancy code (CRC) information to the control block 22, which is 
>p . r ilV \*<.: nr ^ . ; ;. ; - ^ ' p .A7 ■ ; . , : ' ' . — c' t:; . u t:v .1 ,r"v.r* 

used as a measure of signal frame validity. The CRG information also is used in the long- 

term Doppler estimation process, arid indirectly affects which approach is chosen for 



ddmodulatiok. 



j: . : :i5 - f Frequency error of ^e^refcdfofed sijgnal^ with "respect to the desired signal is 

^ .^stx-Ttite 1 C6ritr6l^"bl6ck 22 performs 'the control fuitefidir and ^eteainiira whether 
t;n ^ : LiTud conditions ; are ^favorable for * using- joint demodulation to 'conventional 

•ioc r a ; demodulation. If conditions are;not^fa^ coritrol block 

- ; c selec$a conventional equalization for use. *' Favorable conditions £ah- occur, for example, 
r v.ir*\ - ? w ^? r *S I ? ob U e is%;a slow^f^^ding environment;wKen:isingle: ddniinant^interferer & 

7 ^.; ; o^S?^ t *tot £*pd di^srsive fafiing^ ^d/t^e T¥?^^r.P^r^^^A9f^ $ingle;idominant 
interferer. ■ . r - - • * - «■ 

Fig. 2 shows the control Wock 22 of Fig. l,^as a control unit which uses 
information obtained from the acquisition,_demodulation and decoding algorithms to. 
decide whether to perform single-user demodulation or joint demodulation. The 
invention contemplates that the decision be made on the basis of three channel condition 

• : indicators: (f)- l ttfd Dop^ spreaci J for desired signal Xf D ^ji (2) the carrier-to- 

-QZ ?tr,.i r;;^ • ^ 1/ ir^i ^'''V:.^ rijiv g-'i/i^^ io:^ ^ f. .v-'- 

mterference plus noise ratio C/(J+N) or sigriaPto-interference plus noise ratio SINR, 
and (3) the dominant interferer plus noise-to-noise ratio (I+N)/N 4 where here and 
throughout the disclosure jC is a.desired signal, lis a co-channel dominant interferer, and 
is all other noise, i.e., the sum of all. other corchannel interferers plus thermal noise.. 
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i ; >... T ^^^9^J^.6^ttKd s i B y •using,the.tt5Com«teted metrics obtained from single- 
.Af's-- r ^ d a<^uisitipn 5 -,tbe^tantaneoUs channel ampHradeesturiates obtained from 

demodulation, and the CR.G mibnriation obtainedlfrbm decoding." X"? 
v ; . P ne ?f :*ft;fflajPt' cp^tror&nclions'tused m determiiiin'g whether to adapt the 

- A, C 1 ^ 56 ^ 19 .*o :empl©y joint demodulatioh is theDoppler splead estimatoH - As nientioned, 
:.- :tik 4fiPi d Wd u |ation dpe§ ; not, perform well for high Doppler spread Values, receiver gains 
^ % r :Nermediate Doppler spread values,; and gains in receiver performance are 

uu j^^W^m ^. lQw 0; DoppIer;. spread rvalues. Consequently, ihe 'control block^ uses a 
Doppler spread estimate in making a decision whether to adapt the receiver'to use the 
V>:- . Jow^detectcw^pw. Doppler spread ..values) or to- use the ' conventional detector (high 
Doppler spread values). 

One contemplated, but not exclusive, technique for spread 
estimate values is as follows: ... , , . . , : . . , . ... 

(1) . . . . . . . 



15 



where D(n) represents the absolute differentials of the cha^meftaf estimate, and* 3 
c(«)is the channel estimate tftime-n, ,§y using; absolute differentials, the effect of 
frequency error is decoupled from Doppler spread estimation. If r = 1, since the 
differentials- pf the chaimel ^tiniafe^are ! very noisy; low- pass filtering- (or averaging) of 
20 D(n) is required. u..-. . •:. .. 

•..ir .-c^-t^ 'V ?--: M :; v.- L> ~J,T..< V=oc <". '.F ' C_ 

,-.t.-,! hsbi'-ii is 1oI> * f f ±i"3:irb;:> 1C>. do;i- :.ir 1; ... QUIA'/ !■..' v--/^ i;K ;;.n.i-s:..« 

1 ' 

.r^o;-^-; >^..-Sfi (i;* n'n dc^ pr*. ^Js^^^fvKtJl t^W-c'- 

The ' bandwi dth' of the low pass filters, "or the averaging window size N, is also a 
^ctioriof me-Doppler spread estimate; 1 A : ddMonally;' tne'ao^ion paiameters of the 
25 channel estimator depend on the Doppler 'spread estimation. -Using erroneous adaptation 
parameters directly affects the performance of the Doppler estimator. 

• A single receiver antenna and flat fading channel conditions are assumed for 
Doppler spread estimation. Therefore, the differentials and Doppler estimates are 
obtained from a single channel tap. However, the same approach can be applied to a 
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dispersive channel by either considering the strongest channe^tap estirtatesi or Combining 
the results from multiple ; taps. Similarly, the same approach-can be applied for multiple 
antennas by combining the results from multiple antennas. - J * >(J ' 1 * v ; 2 
i ^8* 3 ¥?:. a . Wp°k 4iagraim^of the Doppler spread "estimator 30 of a type as may be 

.5 embodied in the adaptive receiver 10. The receiver 10 'Starts with some 1iiiM : Doppler 
;--7^¥P..9?* ?£ann^ traqker jsartoieters 32;. Usihg the channel r estim£& l : bvfeHtie current 
Dppplerf valuer is updated* feutd,the;updsited'Wdu^ £ is 1 -^^ ^sed'Ho* 7 adapt the 
c pai^m^ters of the Doppl^ estimator 30 and the* chanifel frackef 34 r for tSa r s&bsequent 
\. slots.- : f ■ : ^ s , f r ir.<; - : ;:r;c T iur ■ -.v-^ U^qe f^cnoO . 

I0 , . \- I T° cakulate thejDo^ 

(3) f D = Doppler ^init . ' v ^ iAq ' y 

- ~31^Mtial-6i&nnel tracker parameters' ihd Doppler filter parameters are calculated from 
the initial Doppler estimate 32. For an AR2 type channel tracker 34, there are three 
parameters in the algorithm: w d is the Doppler spread that is calculated using the 

15 Doppler estimate as w d = :^^ i where* is the symbol rate; X is a form of adaptation 

gain which cajgi b t e/^yedas. ( ?; ^ . vii ... ; .. V - • . 



^ X= 357f4«10- <r *7i + l#10- € ; 



: t a> ? wWqh determines the hdght 7 qf the. sp &'kept ^on^iht with a 

value of r d = 0.998 , in an exemplary embodiment L ; v s"^ 0f 

20 If the cyclic redundancy code CRC does not indicate to the conitfaiy, the 

instantaneous Doppler value over the whole slot is calculated- The slot is divided into 

sub-blocks of length N. Depend^bnthe-btocl^ length, each slot will have K sub-blocks. 

' v. s -y 

Both N and K are variables that depfcnd on the previously calculated Doppler spread 
value. The slot consists of 162 channel estimates,. c(l),.f (162) . The ; differentials are 

25 c^culated from the channel e^imates.a^ B(w) : r=J^^^ . 'Over each 

. sub-bjlpck, the differentials are avetago4a$- * *■ ' » ' ^ — ' 
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„„;. . , squared; ma^im^ of Ae averaged differentials is .nonnalized with the variance of 
the channel estimate as • u - ■ ..... • . ' 
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Ci k = 



Where 



Jy tp=l 



Then, all the sub-blocl^s f over the slot are ay^ag^d to calculate the instantaneous Doppler 

as . , . 

The instantaneous Doppler spread estimates over several slots are averaged using 

(5) , • y " \ - ...... ■ r« 



} 



where p is chosen as 0.99, in the exemplary embodiment Since Doppler. spread varies 
y < slowly 9ver several 1 slots, this is a reasonable ^alue for fi . However^ it is possible to have 

. :. initial Dopple^ *v> ^:-.v!'v;<; *i / i . -^ri. <: s'.::, 

^ 5 F>Ik_ c Mr-ty^s prefemMe>th&tthe insrtantaneous Doppler spread ^timates be calculated only 
if the CRC checks. If the CRC does not check, the averaged Doppler spread ; value is not 
updated using the instantaneous rvalue ~pf the current slot, so that the instantaneous 
Doppler values are not used if they are not reliable • The foregoing approach to estimating 
Doppler spread values improves the estimation for . low, signal-to^noise ratios and low 
20 Doppler spread values. . _ . f . ^ . 0 , ^ ^ 

Yi -f j 3 ^?® E)op ^ er s Pf ea J? ?§tim^eis higher^than a threshold value T7i^ conventional 
rr.^^PW 1 ^ ^ f ?y°^ d : If the DopRler estimate- isL less -thanithe 'threshold value Th D9 a 
: ; , joint demodidatoriis fayored. «■ ^ r - v ^ * IrrroL - ^ ^ 

• Since mobile comxnunications' systems are ihterfefence -limitedV ch^uiel 11 quality 
2 ?: : na^urements .reflect the interference level in the, received signal "' For -the case of 
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continuous transmission, ; ofte ccnitemplated, : but iibt exclusive, technique for obtaining 
channel quality information C/(I + N) or SINR is by using tire SyheB word of the desired 
signal during the initial acquisition process. In slow fading channels, the C/(I + N) 
estimate does not change significantly over, the slot, so the synch word can be used. 
5 The channel quality information is obtained using the synch word of the desired 

signal during the initial acquisition process. The received signal is modeled as 

(6) r^^CA+Qf.+^n) 

where C d and S d represent the Channel -and'sjrabol sequence of the desired signal, Q 
and S t represent the channel and symbol sequence of the strongest interfere^ and a>(n) 
10 represents.the residual interference '(Weaker intetferers) phis the thermal noise* 

Using the channel estimate of the desired signal C d9 the desired signal's synch 
word S d and the received signaler -bver the synch word, the noise (thermal nioise plus 
total interference) is calculated as j 

(7) JpN = Klf>(fc)-f,,<k)| 2 -) 

15 where K is the length of the synetf word, and f rf =C rf S rf is the estimate of the desired 
signal over the synch word. The length of the synch word determines the accuracy of the 
i -* noisb estimate. : ^ * 

Ji? Tbe-i residual noise indicates' the level of interferchcfe (assuming interference^ 
r >o Jinjittd' scejgartas, thermal: noise yte ifegligibte) in W revived J fe^al; 6n^ Tthfe noise 
20 estimate is obtained, using the knowledge of the chantlfel ^e&2hal6, ^ Ae^^cafrier-to- 
v{r h ;»t!?rf^0oe,plus qeise jatio C/@: +'CN)j>iov sigm^-feterfe^ ratio SINR^ is 

v ; ^^cqlatedias^'cr.^r; r;^,-^ sdi Vo.i .^ob DFiJ 11 .^fcacfc ^0 art/*: 

.-oc ,6-- on.; r-OT,^^? ^o^Jn^rni <s:ir j-i?^ bi^fcqu 

- " wBer^I -is 1iie 1^ fri general, L 'is ^e length 

25 assumed by the conventional demodulator. Using this information a decisibn can be 
; mad£ whethei*t6 usfe corivekto 

T ^ ** ' Essentially, 4he residual ; al^T'4erni;- ^vSiidii i^ blrtained froin the metric 
values using a conventional single user demodulator, pfCvidfes estiniate fio&e plus 
/*Hri. >interf?rencein^er^eivedsign^; Inaddkion; the channel estmikelof the desired signal, 
-30 whieh ^s pbtamed oyer the synch word; provides'the desired sigrial pdwer estimate/ From 

10 
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these two estimates, the c^er-to 7 interference plus noise ratio SINR can be calculated. If 
: - - estimated, SDsTR level is iiigher than a preselected , threshold level Tli^ , the 
c . , ;> ronve ^? n al .demodulator, is used, as it performs well for these values. Otherwise, a flag 
*>,/! J^^ec^ If the joint demodulator- flag is raised, a 

5 check is made for- the^e^stence of a dominant iriterferer. : * : j - « . . 

If it is determined that the SINR estimate level is lower than the threshold level 
Th-siNR , a flag is raised that there might be a strong interference in the received signaL 
This does not necessarily mean that a dominant ihterferer is present. An SINR estimate 
lower than T7i SJWR might be caused by something other than a dominant interfere such as 
10 by a combination of many weak , interferes or £epause the desired signal is in deep fade. 
Whatever the reason is, the adaptive receiver runs the joint acquisition over tiie s^nch 
word of the desired signal, on the assumption that a strong interferen is present The 
residual noise plus interference is then calculated using the information devetoped about 
the desired signal channel estimates, the interfering signal channel estimates, the desired 
15 1 ^ synch word, the iriterferer symbol estimates over the synch word, and tiie received signaL 
'If there' were : a strong interference in ihe received' signal, it "is assumed that joint 
^.acquisition would take that into aefcourit arid tte residual Srioise fernr wbiffd'be sitiall. 
v. ^creforie, r (he noige plus total interfe^c^,tenn (I+N) , IpN , [that was obtained by 
conventional acquisition, is • .compa^ to.ljie noise plus residual interference term 
.X^^^^^-pH 9 - that w^ obtoined by joint acqizisitjon, If th e ratio of J^N to RI p N 

it is assumed that there is a, dominant foerferer, and joint demotfulation-is used for the 
.l >; J?f, .P?. s f^ e ,i?!?^.¥?^-'W^?! ^S^l&S? JOTKM^etP's^ .pbtainQdt._by_ ;jomt c .acquisition. 
25 ^snyk?» conventional demodulation,^ parameters obtained 

by conventional acquisition. , t _ - . u : ./ r 

^ T - ^ T 0 d^tennine whether ^ .ch^el ^is ^isp^ a parallel 

approach may be used where models with a different number of taps are, assumed for the 

synchronization and ^initial aqquisitipn over fee.^ynch word. r S^, for example Bottomley 
30 . et ^* y.S. Patent application 08/897,309, filed. July .21, 1997. . Then, based upon the 

performance of both modqls over the sypph.wprd^ a decision is made as to which model 

to use during demodulation. . . 
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- Referring to Fig.- "4j the 5 dfecisidfrfcf'wHich model to ii£e during demodulation is 
made based tspon> *he residue error terms, which 'are' obtained froiri the best path metric 
P ^ v ^^V^.use&- If ^ -aiidi^ 5 represen^theeiTCff;tera&^ for 
L exaipjjje ^:ohe-tap iriodei for joints f dfcniMulafi6n 36 v hrB~ V ^6-tap " mbdk for a 
5 conventional equalizer 38 s Trespectlvely, .tti€fi the eirof tef&s ai4 (^lcul^t^l as f • :f : : 

and . 

^ //--Wbdre : r{£) is the received 5 "ii^/knS : ^(]^^d % (k) ' are 'the befits to the received ' 
, -' Itf- sigfral using one and Wo-tap 'channel models. 1 Based upon the Baye§ian Information 
Ci^riS J (BtCj, ! tfie appropriate model Ts selected by minimizing the quantity 
air'' : '; 1 ^ =141n^ x )+Kk(14) ' 

where K = l for a one-tap channel model and K~2 for .a two-tap channel model*. < If 
Qi < Q 2 > a one-tap model is used. Otherwise, if.Q, > Q 0 , a two-tap model is used. In 

i I ^P^ s r tf > •§* **Jl!lP exemplary embodiment^ two-tap niodehis used. 

<d be. IQtfi^rwite, if :^G^l6g(^) < J8, m'tfce^^p^eto^^ model i^ used. 

, ue " *- « i; ' If tlie L <&^ wificA demodulator to use 

:A MiepWd^^^^ ii^is'WoW'it^'te^ol^to' 
use conventional demodulatioiu_ u If>Tt fe. not ^6bd^yibu^fefetf a ^etCTtoM^i^ is made 
20 whether the speed is low enough and whsthef a gtroijg, dominant interferer is present If a 
strong dominant interferer is present and flie speed is low, then joint demodulation is 
^ ^ feckf. -bte^^^^tk>^f del^MiSif fi'ti^ & ^l*Se^is ^^We, joint 
n ^T^iraefeo^aik^d^^ ff<liy&;it ll^S kfi&n wSethlf thl dis^sion or 

ir ^the^tlOT£m&£t -ittfeifera- * ~&6n^rr : ^ 
25 ignored and joint demodulation is performed using a one-taj) desired channel mddel. On 
^j:^Rqthe ^Siiie? : Kind, if the e% di^fen5ibn oi i^ ^tJi^e*, then r interference is ignored and a 
:rj - " coftVditional ^iri^e us^ Iwo^taj^ e^i^ The 1 decisiona ls made 

" baied^n speed^d^ased &n dbniparihg the f iiletric values obtained witiiia two-tajp model 
ur acqkiSition Wr the : ^chrwdrd aSid joint acq^tion^ing bne-^i'desired and multiple 
io i7 tap interfeer. -It presratiy ls boftfefn'plta&i ? that if : tlie dominant intof erer is on Sie order 
of about 3-6 dB greater than the noise level, joint demodulation is used, while if the 
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dominant interferer is on the order of about 3-6 dBJess than the noise leyel, conventional 
demodulation is used. * ■ T ^ , 

In general, the three control functions (Doppler spread, dominaiit. interference, 
dispersiveness) can be used individually or in various, combinations to -select conventional 
or joint demodulation. r 

^ F S* 5 % * ( ?? vs . a contemplated scenario for use. of the control fiinctions.in arriving at 
a decision whether to use a single user t demodulator or a joint demodulator^ First sinele 
user initial acquisitipn is performed using conventional acquisition at a block 3.6. Both 
S, 2 " te ?. ^ u .^ ition wpcrfennj?d. The channel is.determined to be dispersive or 
not at a block 38. If dis^eraive,.suigle-user demodulation is performed. If not^ the 
Doppler spread estimate ^qr the desired, signal kthen compared Jo the threshold T D at a 
decision block 40. If the Doppler spread estimate, exceeds the threshold T^then single- 
user demodulation is performed at a block 42 using-the channel ■para^eters°estimated by 
means of single-user acquisition. On the other hand, if the Doppler: spread* estiniate does 
not exceed the threshold.^ is estimated 

andcpmpared to the threshold 7> :at a. decision Slock 44. If SJKfcVTi, then single-user 
■demodulation is performed at the bloek A^M^^^M'o^iS^i is performed for 
Ihe desired signal- and an mterfeVer at a block46. NexVar 1 a decision koi ft'rhe noise 
plus total interferenci f^%I +N)^y^h'^ef^&ikd ; \^ ^ m^ig'Tmd that was 
- obtained -by conventional' '■j&fasffiotf V conipared'wlth "toe noise plus, residual 
'Wec&fe&e! iiM'XiJ^ wttcn' k'ji^es^^l^\'M i Z^^ft^m obtained by 

J^T?^S^uSM^Ti^f$ to^W^-^^QPned; at a v block 5^.^ Otherwise, 

H.?ff^Hser r #^ bloc^q42. preferably ' usUii' me' b channel 

j JP?«fl»f?tK? estimated ^m^aj|s»f9ojixt.acqi&^^'^^^' : -iti; .i ivxj;ni :i 

s^K5*fltf E» iThifcembocumentalswsbows^hoW the present invention can be used 
with the invention in Bottomley et aL, U.S. Patent Application 08/8^3^ Me^ July 21, 
< 19 ?7», ; yri^!iWPrib^«dccting between* '1-tap chimneFm'odel single? user demodulator 
an4,a ^taftchannelmedel singteuser demodulator! First, single user acquisition is 
.PP^^ed^Wg^'t-tap channei:model in blo^IOO.-l^WifesuM^^^^- is 
-fpnroared to ; a^iresholdjiD a decision block 102 .- If the thresnbid'is exceeded^n" me 
^hanneLis assumed to have ohly ;l :tap and the SINR in sufficient for 1-tap demodulation, 
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so single user 'dembdulation'based ofca 1-tap cHannel model is performed in block 104. If 
the modulation is differential, then either coherent or differential demodulation may be 
perfbftn&ft''^ / ''-« * "* ,J ' ' ' 

■«:."?. SINR'is ffo^ 

5 model is performed in block 106. The results from the 1-tap and 2-tap acquisitions are 
i us^U^determine whether the : ch^ 
.3cdefcislonbloclfl08. If thb fihanrfel is d§bid^~^ 
Z is examined in dedteiorfbfcck* 1 It). If thSboppIe^^reai is high, "then ^ single user J 

\ deinodulation f wittf iPl-tap chWellhodel isp^orfeed^in SlockiW, as the 'speed would 
no 4 ; be too high to eodsidef joint ^emodul^bm If the Doppler spread is low, then joint 

\ actfiisttferi-fa pferformdi in blbck^l i2. In d&isioh block fte(I+N)/N isTOmpared to 
jflire§hold to determine if there is^domiharit r uK^erer. If so; joint demodulation is 
; \yik ;I^PI™^sMrfp<& 116. Otherwise, single ufcer denibdulatitSh with a 1-tap clijariiiel model 
:.b ^i^^SS^WB^ ijl-fejock. W4.-* lm v /k ; r 1 ' : : ; ' ! . " * - 

: , e Z : if the^hatoefcis decidedio bediSpeiSfve, then the^Sl^JR basfed dif the two-tap 
£i; tfjWJP 1 - mpdeHs^comparyd t? a threshold at a block 1 18. If at exceeds the threshold, then 
, . ^J^er^ user d^pdulation, which is.pferfonnedin 

^ . , .,^ lc fi? J?2: f^^?^ Do^l^iprgjEMi is, examined in docfaiori blGck-122;-lf the r / 
Doppler spread is high, .then single user demodulation with a ?-:tap ghaimeLmodel is 

JO performed in block 120, as the speed would be too high tp consider joint demodulation. If 

viltcsr.r ' ;'*[aa ri: iiLV? bsisqivioc .p?^ -^v.^ <u-. ✓ v » 

the Doppler spread is low, then joint acquisition js performed in WoqIc 124* similarly to as 

* it would be performed in block 1 12, using a 1-tap channel model. In decision block 126, 

. :r\r^ the* final Metrics fro^the-l4ap^fi^eI^od^i Mcf'the j<^ai^msiHon are compared to 

,n n;h d ^PF^^ self JSIonini^ 

25 interferer. If the residual interfere^ [plus jic^ smaller than the 

b-s^-^S 1 ?^:?? typcHrM^f^ demodulation With au2-tap channel model 

( - .^perfojmedrml^locjk J2Q..jjif > ns^'I .Z. J .J." jr ;:>■" ^ .Jr "• '.: f ~- ^ ^ 

- V o : TsPfe^ ?9P^ 1 ^??. s f8^ 1fe&;§onfral functions , as weU^as combinations'^ 
30 conto^ ^ctiQns,. is ^ticij^d; 

ei nV? h $ ^f^» ^9;^ ne^jp^exaAiiite veliicle^peed (Doppler spread) can be A - 
elhgii^ate^ AJso, for the ca^e of arbase stefei«*i iweiver, there is 1 a : separate Doppler spread 
.fof .^^^§r, Joint demoduMommay b^infc&itedTif the Doppler- spread-of ^either the 
desired user or an interferer is too high. Alternatively, joint demodulation may be 
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c . 

.. P^*>nned_if toe Doppler spread of.toe ii^ejer.is. low,, evjsn whe» toe Doppler spread of 
the desired user is high. . ... 

While the present invention has been described with respect to joint demodulation 
of two users, it is also applicable to joint demodulation of three or more users. 
Specifically, if single user demodulation SINR is not sufficient, joint demodulation of the 
desired and one interferer may be considered. If the SINR is still not sufficient, joint 
demodulation of a single user and two interferers may be considered. 

It is understood that depending upon the values of expected channel conditions, 
the environmental conditions in which the invention is used and other differences 
between various radio systems, the particular channel condition indicator values 
employed in practice of the invention may differ from system to system and often are 
advantageously determined empirically. Also, while the invention has been described in 
terms of making slot-by-slot decisions whether to use conventional or joint demodulation, 
the invention also contemplates combining and averaging the decisions over several slots 
or over a prescribed time period in a non-slotted system. Such an averaging technique 
could be used, for example, in deciding whether the channel is dispersive, which can be 
used for high-speed mobiles as well as low speed mobiles. 

While embodiments of the invention have been described in detail, various 
modifications and other embodiments thereof may be devised by one skilled in the art 
without departing from the spirit and the scope of the invention, as defined by the 
appended claims. - • 

The present invention has been described with respect to flowcharts and 
block diagrams. It will be understood that each block of the flowchart and block 
diagrams can be implemented by computer program instructions. These program 
instructions may be provided to a processor to produce a machine, such that the 
instructions which execute on the processor create means for implementing the functions 
specified in the blocks. The computer program instructions may be executed by a 
processor to cause a series of operational steps to be performed by the processor to 
produce a computer implemented process such mat the instructions which execute on the 
processor provide steps for implementing the functions specified in the blocks. 
Accordingly, the illustrations support combinations of means for performing a specified 
function and combinations of steps for performing the specified functions. It will also be 
understood mat each block and combination of blocks can be implemented by special 
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i or steps, or 

combinations of special purpose hardware and computer instructions. 

A ;.v-.j/..J - v.;-' ' vb^i.-.^c re?;, r n -:rr : .: 'r-.;rj-s: jJI w.r > 

^. >o r.: •■ ■--■•--si o; « oi . wl-- if*ni ; «, 1"0 rfofeiitoaonrsfc 



^j;';;-:- • I -ir .^'^ r.oii ;/u ru; " . j' ' 



16 



BNSDOCID: <WO 0223742A2_I_> 



. . ... WO 02/23742 



PCT/USOI/28051 



CLAIMS: _ j: ff A , . ^ d . 



10 



/ f . f « ^ 1 ? tl ; --: - ^ ^ulP^P^X^^T^ivipg a signalthat includesrajifesired carrier, a co- 
channel dominant interferer and noise, said radio receiver comprising: : r ' ; 

n*h;:*i ^J???^? ^F 1 ? 1 ? 11 fo r ; .generating an, estimated Doppler spread value of 
the carrier: 

i^?t; f St ^?^ r ; f°f S en 5 ir ?4 n S an estimated carrier-to-domjnant interferer plus 
noise ratio value; , ^ 

r — s ?°8v^ ,for generating an estimated dominant interferer plus noise-to- 

noise ratio value; and ( . . ;. * / , , :: : 

a control unit, responsivq to said .estimated (Values,*,, for, controlling: said radio 
receiver to selectively implement either single-user demodulation of the carrier or joint 
demodulation of the carrier and dominant interferer. - : ■* 



15 



2. A radio receiver as in claim 1, wherein said control unit compares said 
^tim^ values v to respective threshold; values and : > controls.. said* radio receiver to 
iinRtem^t either single-user demodulation pr jp with the 

„ results of said comparisons. '>r~ - ' >r 

3. A radio receiver as in claim 1, wherein said :control unit , determines 
;b. a c ^?# e ? ^? fe^lfl^^^.is., responsive, to a determination that the carrier is 
;v :\ i di *?5pty e single-user demodulation; - -i 

.is-: ;„v~; 4 ? torch r-'o^ b;ra ^rr^-o aCr.o £ui ^A'br.r.itb . 
25 4 ' A Tadio receiver as ^ claim 1, wherein said control unit determines 

- a ^^* er r t ?l e , FfF^i^f.^SP!^^ m&Y&pfter^ is greater or less 

than the disper?iveness of fte c^er, being 

.^/^.^r^^^ 611 ^? °? the -qanier to control said radio receiver to implement 

.... . smgl^i^<^.|d^odulation t • v. ..^ -.?.. Jii tm-h^o ^.m ^> .£f>*L- -c.v;-->c: f 

. t c : . A radio .receiver as % £ clah% l^iwherjein said control unit determines 
,-^hetbpr &$jsepiye4 signal includes multiple .doj^pnt ; iriterfereTs, and is^esponsive to a 
d ?te iTO^ includes multiple dominant interferers^ ta control 

said radio receiver to implement single-user demodulation. 

t; 17 
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6. A mobile terminal used in a wireless communications system for receiving 

a signal that includes a desired carrier, a co-channel dominant interferer 'and' noise, said 

mobile terminal comprising: 

. 'a : 'Doppler spread eStiiiiatbr ^r gmeratmgari estimated boppler 1 spread value of 
5 thecarrier; ^ ^ ,v : — ; ih*. bi-- '* ~ <* ^ ^ ^-Wi^l^:^ : 

/ zs3\r<. a^first estimator fof^Stfdi^ interferer plus 

noise ratio value; :t-'.i-i- i« 

, • abscond estimator for- jge^eratirfg -£n estimated" Uoto&iant intefferer plus noise-to- 

noise ratio value; and •* ~* i ,i * 7 v> ' * : * or 

10 - .^ c ua control unit* responsive f 6 said estimated vduek; ^ f of r selfeiiively controlling said 
mobile terminal to implement either single-user demodulation "br {he carrier or joint 

; v ;h: h demodulation of thebarrier and donifti^it Interferer. * ' 

7. A mobile comrhuhicafions system 6ase station fof receiving a signal that 
15 includes a desired carrier, a co-channel dominant interferer and noise, said base station 

^.^^c^c^llprising: '«.,t.r ">o t ; -><- -r*.v imsl- i ^ ^ c.I:. - " 

v - , - i>aD6ppler%tfe^ 

5 L ; .i /7 ^rr^-aji^ iiiterferer plus 

noise ratio value; .o. > 

20 a second estimator for generating an estimated dominant interferer plus noise-W 

rte noise ratia value; arid '.tittf >' J fciKo ri ^c ie vi^^ -,Lor- - 

zi : -o erix- :^vconti©ltttfiV res$>oiisp/6 <b said estMated^Iues^or ^eieetTv&y <&nfrolling said 
baseiostationiito? implement ^fthet^^gle-uker deJnbdufe tlie r J c&mer or joint 

demodulation of the carrier and dominant interferer. 

izZSir^-i-bb Nyrtn : ■ ivs-^vv .1 mid-: r. : ?e is /iccs\ vibe. A '* c~ 

- :;; i reh&mel dominant int^erer ^Uficfise^sfeSraaib i^iVef^mp^ii^: * 2 1 * ' *" 

, o* a control unit for cbntrblBng s&itTradkJ -receive to set*tivei[^ r iiipi^nt either 
single-user demodulation of the carrier or joint demodulation of *thfe : c^#'ifid'ddminant 
30 interferer, the control unit determining whether the carrier is dispersive, and being 
. t \ . ?espohsiv0 to -a detennination that toe^ameif is disirefsnfe to control said radio receiver to 
y 3 implement single«user;den^tfulaticto, 'ahd- being 're^ahsivfe to 'a Pditetttim&dn that the 
. y carrier-is not;dispersive> fon gefifcrating a» estimated Bbppler spfead iaMe *fif thecarrier, 

.rj-^ufcersb -^ r . ...^al* :rs-v-:n _ V .» • 'be ! is? 
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^ being responsive to ap, estiinated Dopplei; spread value th# is at least equal to a 
; , ,%^^old T D to control §aid radio receiver to implement single-user demodulation; 

the control unit, responsive to the estimated Doppler spread (value being less than 
. thrpshpld T D? for generating an-„ estimated ^ c^er-to-dominaint interferer plus noise 
: fatio ,y^ue : SINR^ arid being; responsive to the SINR being at least equal to a^ireshold T x 
i /i ta;<^ntrql said radio received and - a - 

the control unit, responsive to: the SINR being less than the threshold T 19 for 
performing acquisition of the -carrier 7 and the* dominant interferer and for generating a 
k : noise :plus total interference value t>y single-user acquisition and a noise plus 
residual interference Value M joi ^ by joint acquisition; and being responsive itothe value 
of the ratio /Mj oixkt being at least" equal to a tiireshold % to control said radio 
receiver to impiement j oint demodulation and to the value of the ratio M miit /M oint being 
less than said threshold T 2 to control said radio receiver to implement,. single-user 
demodulation. 



10 



is 



[; V .A radio receiver as in claim 8, wherein the coritrbl unit determines whether 

the received signal includes a single dominant interferer or multiple dominant interferes, 

\ m ^<M S . ^Pfl^ve .to ^determinatipri thatthere are-multiple dominant inteiferers to control 
said radio receiver to implement single-user demodulation, 

10. A radio receiver as in claim 8, wherein SINR = C/(I + N), where C is the 
2: signd po^ and n j s ft e 

i-- h ;signal; ^ower :o^ noise, mcludmg'all o^r Offerers plus 

:{„^/r^thenrial:noise;.."r^ t-isil' ;--.rb £ or ty; -v\c si v, bnn fiis-~r<z:--i 

11. A mobile terminal for receiving a signal that includes a desired carrier, a 
i ; ^rchaimeldominam interferer^ v: 

. - < : aocontrol unit for cbibx>lliri^^^ Id selectively 

implement either single-user demodulation of the carrier w^omt d^6^ation of the 
30 - - carrier and dominant interferer; 'J ^ £ y;F ^ vit Ay / ! t : - 
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. : , v * - the control unit deteitoinfiig wHethier the (Carrier is dispersive, and fs responsive to 
a determination that thc c^itier dispersive to control Said mobile' terminalto implement 
r single-user demodulation; - : - ^ - . v in : - : 

: . . , . ; , the control unit, responsive to :a deteftnination that the oamef is nof Sis{J&sive, for 
5 4 ;t . gejaecatipg an estimated * Etoppler spfcead < value :of the i -carrier, - and- is>*a&pdnsive t6 an 
estimated Doppler ^re^d; value t said 
- mobile, terminal to ^ implen^t ; single-us^ demodulation; {'■-?:■ :oo v.ii 

r , r . , - control ( unit, responsive, txj> the estima^d Doppk$ ^spf^ad value: being less than 

&e threshold T p , for gene^ting aji estimatt^^ noise 
JO ^ratio value SINR, and bsing re^pnsiye^to the SINRbeing ,at lo^e^uaMo'a threshold ^ 
to control said ijiohile terminal to implement single-user demodulation: and ;* 

the control unit, responsive to the SINR being less than the threshold T 19 for 
T performing acquisition of the carrier and the interferer and for generating a noise plus 
■ c; ^tai ^ interference Value" by single-user acquisition and a noise plus residual 
15, interference value M joint by joint acquisition, and being responsive to the value of the 

v ^/^9i 1 MtF' -beings* least equal toe threshold T 2 to control said cellular 'mobile terminal 

joint . \ ' , 

■i, -to implena^tjohft^ J being less than said 

threshold T 2 to control said mobile terminal to implement single-user demodulation, 

interferers, and is responsive to a determination that there areomuMpleTdbminant 
interferers to control said mobile terminal to implement single-user demodulation. - 

.: : inclu^p ^ d^skfd career, a^jphanneldoniingnt ^t^rfer^r gftjd, noise, said cellular system 
l?a^^^9^co^rtei|ig^ c ; - ^ ;Lon^ . 'a : 1: ' i^i ; 

a control unit for controlling said base statioiHP. -selecthreljb implement either 
single-user demodulation of the carrier or joint demodulation of the carrier and dominant 

30 interferer; 
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v. • .v 01 ^ 1 • l ^ it -; fo K ^S^P9^8 v »*ea»er toe carrier .is dispersive, and being 

responsive to a determination that the carrier is dispersive to control said base station to 
, : implem«|tsiiigle-usiw demodulation;, -v. . . . 

the control unit, responsive to a determination that the carrier is not dispersive, for 
L^^^T^ 6 ^^/^^^ y^.^ofc^'JDB5pojisive« to. an estimated 

.•.^...-SM^^^H^^^^^??^ to a.threshold 7^ to control said base station to 

the control unit, responsive to the estimated Doppler spread value beirfg less than 
the threshold T D , for generating an estimated carrier-to-dominant interferer plus noise 
10, , ratio value SINR, an d being responsive to the SINR being at least equal to a threshold T, 
jL ntocontrol said base station to implement single-user dismodulationj^and ' ' ; 
\\v .the control unit*: responsive to the SINR being less thatf the threshold T ls for 

-^performing acquisition of the carrier and the interferer and* for generating 'a noise plus 
total interference value M^by single-user acquisition and a noise plus residual 

interference value M >oint by joint acquisition, and being responsive to .the value of the 

w • . ■()■.• :•: . ' •■" * i-.: -:n ir- . o: 1 A . .• l 

. M . 

• rat »°. .TS^vfepHig at least equal to, a> threshold to 'cdnlroP said base' "station to 

^ vl /ofat 

implement joint demodulation and to the value of the ratio Mmin being less than said 



15 



threshold T 2 : to cpntrql paOcf ^ ^lluto^ system ,base station to : implement . single-user 
demodulation. ^ vi „ . ^ . : _ - r / :;rc r; ^. ;rr: . ^ n . , ir> • ■ , 

. A;?95*jl^ system t>a$erstation as in claim 13, wherein the 

deludes * single: dominant interferer 
\;\^rJ&W^ ;^ Q ffiTO t ^^^:/Wd:«fe rpsp<m$ite to a determination that there are 
multiple dominant interferers to control said cellular system base, station to - implement 
15 single-user demodulation. 

,: ..: J^v^-A f^l? . I W 5C ?y^ fprvjeceiying -a; signal thatiincludes ^ 

- < 1< P*^? P ne ?£' p £^^ d ° m k^ noise^ said; radio receiver comprising: 

a Doppler spread estimator for generating an estimated Doppler spread value F Dgtw 
0 of the carrier; 
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■ r.. - a^first estteiator for generating*^ interferer plus 

*< noise ratio vtfte6 C/(I + N); _i ^ • • - - ' ;? * ** 

a second estimator for generating an^stimated" dominant interferer plus noise-to- 
ne^ l^oivdtt£{I *N)^N; and*-' • i1i ' Jt ' : ' ^' ri ^" ri : - *" ; - 
5 i ^ £ cGrifc-Ql 4mit for comparing said estimated vahi^lkS respective tKfiesKdld values 
.zu- andifor controlling said itdi^Tebei^e?/ inaccori^ee^^ 

to implement either single-user demodulation of the c^ei^br jfcmtf^ of the 

: : - z A <|arriear and dominant interferer z i ^- - *<- *" -'-"^ " aL ^ r! * 

•.: v .,n - * ' • % - r.-*«:f':.v (:'■«.■ 'ivj :7i 7 ^o.fe-'d; rtri: 

^ *9 ^jn:L o 16 - A, ?a4io receivers :as jn clainu lS; wherein said bontirol unit determines 
whether s^ki at Je^st one v 4®nw^ interferer-or multiple 

^dominant interferes, andjif respqi^ive to a determination rthat the at least one dominant 
interferer is multiple don^ant ; Jntei$ bjjers to. control said radio receiver -to implement 
single-user demodulation. 



to: , . , 



15 , . 

17. A radio receiver as in claim 15, wherein the control unit determines 

* » f 

v :.,;T^%&§ r tyfc c^er ; rjs dispersive/ andis^respdnsive t& a determination tfiat the carrier is 
dispersive .to control said radio receiver to implement single-user demodulation. 

20 18. "A method of operating a radio receiver that receives a signal that includes 

- I adesif^tsfrrier, a cS^Kannel ^minant interfere ancfnoise, comprising: u 1 ' 1 ^ Ut ' 
generating an estimated Doppler spread value of the carrier; r >r: ^ Ji r 
developing an estimated carrier-to-dominant interferer plus noise ratio value; ' ' 
rft m s sr!w : c ; providing on estiffiated^dbffiiriant Mierferer ^i^'lroisfe^lioise ratio value; and 
^*»to-.\: :iT^Hiieontneaiirig the radio l t^i\ht^ M r ^ to 
vi- sel^tivelMimplement either siagtetfSSr demSdiaafiofc of theKb^^Sr jifitfiMn6%ulation 
3^rr: v '. pfitfee Garrieaand, dominant interfe^efp ^ I-^'Ov a^--v- *;■"£■ i- vhnr^-n 

19. A method as in claim 18, further comprising comparing the estimated 
c 30 vdu^t£brespe^wth^sh&^ the ra&6 jreceiver, in accordance 

\yitfe theiEemilts of the ^mparisohs^^iii^l^fent^ 
r l - demodulation, ;oC r \:> *>~jc>^t% " "ox.: ^:.r> . • c *: r ~-- I -i 
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v-J i - ; 2 °: jo-?^ q f l 4» m-cl^m..l^.^iifxer comprising tfetenriihing whether the 

cmkT ^fe^; ¥r?^lliDg the radio receiver to -implement - single-user 
v .. . d .f modulation in. response to a ^determination jthat the .carrier is dispersive. 

noA-zsw,^ <. H.^^J8, further- comprising determining whether the 

- P i-i? ? f r ^I ^ ^P^ 1 ^?. Aether, the dominant interferer is greater or : less' than the 
dispersiveness of the carrier, and, in response to a determination that 'the 'dominant 

;;s ,* /trS-????. ^^r^ ^/4fc?«#y"W-flf ah* carrier, controlling the radio receiver to 
, ^pkpipirt single-user demodulation. , 

10 



op I 



22. A method as in claim 18, further comprising determining 'whether me 
received signal includes a, single dominant ..mterferer or multiple, dominant interferers, 
an4 in response to a detenninatiqn that the received signal,includes. multiple dominant 
interferers, controlling the radio receiver to implement single-user demodulation 

-'15" ■ 

•.. ' '•'-.. .:"-:■<-■ -Mil, .'•:>- "". - '> ■■<;'!"• ^ " ."-'.vi 

23. A method of operating a mobile terminal that receives a signal that 

includes a desired carrier, a co-channel dominant interferer and noise, comprising: 
generating an estimated Dopplerlspread value of the carrier; 

developing an estimated carrier-to-dominant interferer plus noise ratio value; 

.20 = :. v- - . f- providmg: aWestimated'donimant^m pitosmi&i^tekfa value; and 

sfi; ^ nfr 9Ujng.the h mobile termirial 4 in? accordance with the 1 valued of me' estimated 

cur: -J^cf. ^ If 16 ^^ Wfen^ either of :me carrier' or joint 



25 24. A method of operating a mobile communications system base station that 

3 ,. ^^? ( -?^^ t S^ »,*^ r cf^ £ ^ ^annel, ^dominant interferer and 
noise, comprising: ~ ' r 

' ., tf)! . g ® n ^^ g ^,?^ at ^^^ 

developing, an esthnated carrier.to-dpm.inant interferer plus noise ratio value; 
30 providing an estimated dominant interferer plus noise-to-noise ratio value; and 

,~ rC*?*' ^^^-.^ le °?^,^« ,^8fe-user. J d«nodulatioii of me= earrier or joint 
demodulation of the carrier and dominant interferer. 
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! }, 25; *u A method of opej&tfiig^a 1 radio receiver that receives a signal that includes 
a desired, carrier, a co-channel dominant integer ancffifiise; bbmposing: 

cQnteolling' >the radic?" Receiver ^tb * selecftve^ 
demodulation of the carrier or joint demodulation of the carrier and dominant interferer; 
, 5 >. : ,-idejenniniiig:whethep tiie'carrier is dispei^ve^arrdV ifl'response to a determination 
that- the carrier is dispOTtve,.^n'fifoliiii£%e- , ^o 7 ifes^»' : 'tb^plemrarsmgleHiser 
^dempdulation;. •;: , i 01 -.ks' :. : -Ux .--.I-p.bo sdi *o E3ns/iV.3q;-:fc 

v.'-. c . generating, in response to 'a determination '-mat 'me 1 ' c^MeTis^ riot^i^'rsive, an 
estimated Doppler spread value of the c^ieva^d, : iri r respolMe f te "an estimated Doppler 
10 spread value that is at least equal to a threshold T D , controlling the radio receiver to 
i implement- Single-user derifedulStion; ^ ' ^ " f 

v&:vx. !.i :~ developift&iih resporaeWme"e^im : a^ less than the 

sKrr.cthrestold..T D % plus 3 noise rat i 0 ' value SINR, 
and; in response 'to the s¥NR r; oeih|' at least equal to a threshold T x .controlling me radio 
15 receiver to implement single-user demodulation; 

it sf. "m ,> performing, m re^driseto the SINR being less man the threshold T, , acquisition 

J,;,,..,. - ] ct -,.r : r -J!' -- 'C- 'r.-^ - -w* • * »"*'•• e 1 - n 

of the* carrier and the dominant interferer; and 

-providing a noise plus total interference value M^, by single-user acquisition 

: ;K. - .•f.'/ji ~cxt «.-'i-e is" -turn jfsftirr.-oi- «« "ft-reo cs^ . ••is™'- - ,! - , f c '^ n 

K r * ° 0 ^3?5 ? ^ Si ?^ ^ff^f^ value, TV^.byJoint^ in response*) 

™<ri&y$% ¥ntor/^stoobei»$ ath^ eqBalrtoa^tliresKdid -Tar controlling the 

::r>. I'^ioireceiv^t.totopleri^^ valul'oiftne ratio 

A^/Mjm,,, being less man^mV-mieshbl^^^ to 

implement single-user demodulation. 

r.ou^» e^.d tt-.iU eOClv/jiautrKacy a(ifi" i 'n s gn:~~T>q<Po br-rli;.." A . — 

25: ^-.teinues^ A- ^methba'as^in €&im'°25f furmer "comprising ^ determinLg whemer me 

•Tj.-fjjf o : - .S : . ''C 

received signal includes a single dominant interferer or multiple dominant interferers, 
and, in resrxms€ : -^V*8^termS^oi 1 ' ; maf ,, ^e are multiple' dominant interferers, 
controumf the radio eeT^Vertb m^iem^°s^&^ i dOTOdl^oiL' a ' 

. h .rib-re. :. I,-- a:-? ic-i's^" >o b: ' : ;ic ■ •■ OS 

30.;!.). ' scr&te e«-A method as'irr'dTainCf^S; wfiereiri siNR ! = C/(l'+ N)* where C. is the signal 
-v.">' power o^the ^carrier, fls^'fefgnal power of 'me ¥omkant/imwferer, and £J is the signal 
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p 9 WGr ( ? f r a }\ , other channel .noise, ; including all, .other corchannel interferers plus thermal 



noise. 



■ ':•<):< ??r:£ od . *°f operating a T mobile. terminal that receives a signal that 

S^?? * Wrt : < P 1 *9& ^^^^-PP^^-^^ and'nbise, .comprising: 
ir^airrnsof. > < o^S5^t ^sW^^^W^^P- selectively, implement either single-user 

carrier and dominant mterferer; 
determining whether the carrier is dispersive, and, in response to a determination 

:s jf/J£f\5*. ..W^F^ ; ContrplIing ti\e mobile germinal to implement single-user 
10 demodulation; . . . ; ..... . . , . .... ,,, 

. , : ^P 6 ^^^:." 1 r r , es PPnse.to a, determinatipn that me earner is .not dispersive, an 

estimated Doppler spread value of the carrier, and, in response to. an estimated. Doppler 
spread value that is at least e^ual to. a threshold t d , controlling; the mobile terminal to 
implement single-user demodulation;-. . .... . .. .; , . c m 

< 15 • o developing, mjespons* to th^.cstim^ J^oppjer spread value being Je^thanithe 
threshold T D , an estimated carrier-to-.don^ant. j ^ SINR, 
and, iii. response to the SM bemg at least e^ual ^a.ti^old.^.contr^Umg the mobile 
terminal to implement single-user demodulation;., • , • . .. . ... . • 

T ,. ... . ^Sf^^P 1 ^. 1x1 T fP^ J ^M-.??^ J 0 "? ymP*? PmfooM. T„ acquisition 
20 of the carrier and the dominant intefferer; and 

providing a noise plus total interference value M^. by single-user acquisition 

and a noise plus residual interference value by joint acquisition, and, in response to 

r;J .. ., I * e ; i V ^ ''°\^^f3^JM&*. ^ f° ft .^^d^t controlling the 

mobile terminal to implement joint demodulation, and, in response -to the value of the 
25 ratio / M /oiM being less than the threshold T 2 , controlling the mobile terminal Jo 
.. . ^Plement^smg^ .,, , j. fit „ .. , , <• 

,:-.sv.; jaBi-:i-.v.-b'5«^'.;'t.. • ~.c Jni.-il.noh *-'^rr- .• ..' ; "t - 

...,'r Vr: ;; i -^r'.vst cA???^! 1 88 i?^^ 11 ;? 8 »: former . comprising determining whether the 
received signal includes a jingle dominant. jinterferer; or multiple o^minanti interferers, 
30 and, in response to a determination that there are multiple dominant interferers, 
: .^^n? 5 .*® n? ?) t ! ile . te F m ¥ ia ! to implement smgleruset.dembdulation. . : 
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3'0. € j*» : A iriethocPof operating mobile cbi^uhications ^steni b^e station that 
receives a signal that includes a desired carrier, a co-channel dominant interferer and 
noise, comprising: 

— -oontrollftig' the ^e^ !l station W^efetivfcly* 4 - imfSeihent either single-user 
5 demodulation of the carrier or jbih^abmddulafioli xif thfe ^m^^^don^^m^&&i 
--; !*;s detenfciiiing Ayheifter th^tarrier is ■xiis'^ers^^&d.'in r^onse^a determination 
/ *S that the carrier is disfJer^rvej : ^ntr6lling the 1 bas6 1 s&fiSrf r ^ 'imp^^^ 
v.-*: ^demodulation; ; ^ •< ^ • -c^ae::. » i, r-u.. s.ii a^iv 

r L ^ -v- - generating, in tf^cfckse to a rl detenninaticm *ttf4tthe carrier nof f (ii^ersive, an 
10 estimated Doppler spread value, and, in response to an estimated IJoppler'spr^d value 
. i^ihat is at-least^equal to a'tffifesKokl T D ", controlling the'base^tion to implement single- 
- us^* demodiflation; ( " " ; ^ 1 - ,? : ' -~ jr> 1 1 

I ,;r ; ^ k d&v<flopin&'i»-response to fife'esti&atfed Doppler spread value being less than the 
threshold T D , an estimated carrier-to-dominiaift interferer phis noise iation value SINR, 
^il5 Mds&ndi m reipdnse to the SffiR limgW j^t equal to a%reshold" 7; , controlling the base 

^ - stationU lmpletf^ , 
-.U^orn pe^rmm^' in' response to^ ^INR J2 being* lessltan the threshold Tj , acquisition 

of the carrier and the dominant inttfrfeVdr; and ^ ' ' .° v * 

j ,t)i>iuc t I pWidihg a'noisie pluk'tiSM Sterfefence Valu^ ^^ By single-user acquisition 
20 and a noise plus residual interference^Mae'^^' by joint ^quifeition; an£°in response to 
the vMue of the ratio /M^ being at least equal to a threshold T 2 , controlling the 
~ base station to implement joint demodulation, and, in response to the value of the ratio 
^-^^W^/AfjMi' being Ic&sthaft thdtfcreshdld T 2 , ^ntnJIlihg the base station to implement 
^ t Single*^ ^^toav.b tnxoi launoi^l o; *Motn 
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3L A method as in claim 30, furfte^ : &^^ the 
received signal includes a single dominant interferer or multiple dominant interferers, 
r ^arid, in re^Jonse ito^^defeiMm^ ire '&&fipe domitf^it interferers, 

. , . ppntrollihg the base statton'to topliKnent sictgi e-usef cfeiiiodulation. 1 r r;£ - w ;e r 

32. .:; Atmfethod bf operating a^radib receiver &^i?ebfeiv^ a Sigfi^ dikf includes 
a desired carrier, at least one co-channel dominant interferer and noise, comprising: 
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+ N); 

N)/N; 



gen^^g.^ estimated Dopplpr spre^ 

developing an estimated carrier-to-dominant interferer plus? noise ratio value C/(I 
producing an estimated dominant interferer plus noise-to-noise ratio value (I + 



comparing the estimated values to respective threshold values; and 

controlling the radio receiver, in response to and in accordance with the results of 

said comparing step, to implement either single-user demodulation of the carrier or joint 

demodulation of the carrier and dominant interferer. 



33. A method as in claim 32, further comprising determining whether the at 
least one dominant interferer is a single dominant interferer or multiple dominant 
interferers, and, in response to a determination that the at least one dominant interferer is 
multiple dominant interferers, controlling the radio receiver to implement single-user 

15 demodulation. 

34. A method as in claim 32, further comprising determining whether the 
carrier is dispersive, and, in response to a determination that the carrier is dispersive, 
controlling the radio receiver to implement single-user demodulation. 

20 35 - A radio receiver for recovering a desired signal comprising: 

a single user demodulator; 
a joint demodulator; and 

a control unit for selecting either said single user demodulator or said joint 
demodulator based on at least one of Doppler spread information, dispersion information, 
25 dominant interference information, and signal to interference plus noise information. 

36. A radio receiver for recovering a desired signal comprising: 
a single user demodulator without equalization; 
a single user demodulator with equalization; 
30 a joint demodulator; and 

a control unit for selecting one of said single user demodulators or said joint 
demodulator based on at least one of Doppler spread information, dispersion information, 
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dominant, interference infcrmationi^ suid sighai' to interference pttis' noise information, 
channel dominant intefferer and noisel - isi*^....-^ ~\ £ " 

^ ;KM>; :: 

.... . : " *\ .. v .:. . 1 :n_ r .i ^> ;ar> jotto L : ^t 

: ; ^v-b :>;.;->\.- . ; : ~ ' '■- s " .' l ^ At rh * '.- 
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